atomic environments typical of nanostructures 4 . Scanning tunneling microscopy (STM)
provides impressive atomic-scale imaging of single nanostructures, but requires theoretical modeling to extract bond lengths and angles 5 . Theory, whether phenomenological or using first principles, can predict nanostructural details, but must itself be checked against determination from experiment.
We prove conclusively here that low-energy electron diffraction (LEED) offers great promise for the detailed structural determination of many nanomaterials. LEED experiments have already produced diffraction patterns from arrays of ordered nanoparticles, such as adsorbed buckminsterfullerenes 6 ; it would be a routine matter to measure their diffracted intensities with existing equipment. For less well-ordered nanostructures, it should be possible to focus the incident LEED beam onto a single particle or small area and record the diffracted pattern, either as angular dependent intensity data or as energy-dependent data ("I-V curves"): this has been proposed in the form of convergent-beam LEED (CBLEED) 7 ; diffraction from objects as small as a few nanometers is conceivable. Another approach is to use an STM tip as electron source to form a very narrow beam 8 : such an experiment has already produced diffraction patterns from areas as small as 400 µm across, with areas smaller than 50 nm across being possible in principle.
LEED also requires a theory to extract structural information, due to strong multiple scattering of the diffracted electrons 9, 10 11, 12 . Our adaptation of these methods is shown here to permit the calculation of LEED intensities for representative nanostructures, for which we chose buckminsterfulleres (C 60 ) adsorbed on surfaces. By analyzing structural sensitivity, we prove that this approach can also be applied to the task of structural determination of nanostructures.
We describe three new methods to solve the multiple scattering problem: an exactly convergent method (Conjugate Gradient or CG), for reference and for greater speed compared to direct matrix inversion; an approximate grid-based method (Sparse-Matrix Canonical Grid or SMCG); and the approximate "UV" method. While these methods have been used in other contexts, it was necessary to carefully adapt them to the specific and challenging characteristics of LEED with its high angular momenta, in particular to ensure good convergence 13 .
The Conjugate Gradient (CG) method 14 We now discuss the relative performances of CG, SMCG and UV observed in our LEED tests. We find that each method outperforms the others in specific circumstances, so that a combined approach will be most appropriate. It is useful to realize that the SMCG part of the calculation, although by far the most time consuming, contributes typically only ~20% percent of the final intensity. Consequently, if we neglect that part at first and then feed the approximate result into a full-matrix calculation as an initial guess, we can save more than half of the original compute time.
A central application of LEED has been the atomic-scale structural determination of single-crystal surfaces, thanks to the high sensitivity of I-V curves to changes in atomic positions. We can now prove that this sensitivity to structure is maintained for nanostructures. For this, we tested our methods for a monolayer of C 60 molecules, and of endohedral and exohedral C 60 by addition of single Cu or Li atoms within and outside each C 60 , respectively. For similarity with known structures reported in the literature 6 , we ordered these nanostructures as adsorbates with (4x4) periodicity on a Cu(111) singlecrystal substrate, the C 60 centers being located over hollow sites. Since the substrate lies deep under the outer surface, we included only 4 Cu layers, the number of atoms being = 124 or 125 per unit cell, without or with a Li or Cu atom, respectively. n Figures 3 and 4 show I-V curves for representative diffracted beams, calculated with our new combined method. Figure 3 illustrates a very strong dependence on the C 60 radius, which varies in steps of 0.02 nm = 0.2 Å, while the distance between the substrate and the nearest C atoms is fixed: all beams exhibit similar sensitivity. 
